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CWRF with ECP/W closure over the U.S. land
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The reanalysis has already assimilated local observational data, while CWRF is
driven by only LBCs. The CWREF skill will be enhanced if assimilating local data.
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Propagation of GCM Present Climate Biases
Into Future Change Projections: Temperature
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Adopt from Liang et al. (2008, GRL).



Projected U.S. Heat Wave Changes
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Projections of changes in the average annual 3-day heat wave temperature (° C) for a) Chicago and b) Northeast US and of the
annual average number of heat wave days for c) Chicago and d) Northeast US. The two sets of bars on the far left side of a) and b)
compare the present-day annual 3-day heat wave temperature spread (from its own summer mean temperature as simulated and
observed); and model biases (from observations). The simulations are arranged from left to right in order of increasing greenhouse
gas concentrations. The % number at the bar top depicts the corresponding statistical significance level.

Kunkel, K.E., X.-Z. Liang, and J. Zhu, 2010: Regional climate model projections
and uncertainties of U.S. summer heat waves. J. Climate, 23, 4447-4458.



6.0
5.0
4.0
3.0
2.0
1.0
0.0

IIIIIIIII[IIIIIIIIIIIIIIIIIIII

C

2046-2055

B1 A1B ATFI
s CCSM/KF

2090-2099

B1 A1B A1F]
= CCSM/GR mmm HADCM/GR

0.60

0.40

0.20

0.00

—0.20

—0.40

B2 A2

RCM Projected
Temperature &
Precipitation
Future Changes
at Smaller Scales

IIIIIIIIIIIIIIIIIII

mm/day

2046-2055

2090-2099

I [ I
B1 A1B A1Fl

mmm CCSM/KF

I I I [ I
B1 A1B A1Fl B2 A2

mmmm CCSM/GR mEmmm HADCM/GR




EPA STAR
2003-2011

FOCUS

Consolidate

O

Elaborate

PM

Explore

Hg

(250-150km)}

GFDL CM2.1

NCAR CCSM3

¥
( Global Chemical Transport |

2 CAM-Chem (250-150kn) '
v

Validation

Observations

NA Air Quality
QO .
)

e O g

-~
——

A
-10km

UISDA crop yield, livestock

NASA snow cover, vegelation
NOAA temperature, precipitation
NADP N deposition, air pollution

USGS streamflow, water table
depth, m-stream nutrients,

Climate & Terrestrial Hydrology

EPA STAR

2009-2012

FOCUS

Impacts
Assessment

Future climate & ('O, changes
with present crop distributions
& best agriculture managements

Nutrients

Future agriculmural adaptation
areas growing crops for food
{soybean, corn, wheat, cotton) &
biofuel (switchgrass, sorghum)

Foture total no-ill agriculure

Pathogens

Future increased urbanization

Bacteria
Sediments

Agriculture

Cultivated

Urban



SE

X

CA

NE

VOC

B

W W

18

12
6

-12

SE

>

CA

NE

NOx

-16

-12

SE

X

CA

NE

SE

X

CA

NE

|IZ|PCM_B1 1 CCSM.B1 dHarvard. A1B @ CCSM.ATB @ CMU.AZ APCM.ATFI ACCSM.A1TFI BPGR.B1 BPKF.B1 OCGR.A1B ONERLAIB BWSUA2 OPGR.ATFI BPKFA1TF B CGRATF |




Regional MD8A [O4] Future Projection

Midwest

Future projection in 2050s
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Projected PM2.5 Changes in 2050s
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Projected Mercury Changes in 2050s

Emissions matter much; CMAQ enhances regional changes
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Simulating Human Management
from Historical Records to Future Predictions

Numerical schemes in macroscale hydrological models for simulating reservoir
outflow, irrigation, and other management strategies are very limited, especially
lacking operation-based predictive schemes

We have developed such a predictive scheme for
— Reservoir management ‘
— lrrigation
— Point sources, non point sources
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CDAS Preliminary Result
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Crop Distribution, Adaptation, and Suitability Model (CDAS)



Cheatgrass Invasion in A1Fi 2050s
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